The grasscutter (Thryonomys swinderianus) is a large herbivorous rodent of the grasslands of Sub-Sahara Africa. It is an important source of much-needed animal protein; and holds promise as an acceptable 'bushmeat' substitute for the hunted and endangered wildlife animal species of West Africa. The intensive production of the grasscutter would require the supply of inexpensive and adequate dietary nutrients. Energy requirement was determined using sixteen 8-months old gestating grasscutters. The grasscutters were separated into four groups and fed diets, which differed in their energy contents of 2000, 2200, 2400, and 2600 kilocalories metabolizable energy per kilogram (Kcal ME/kg). The test diets had the same crude protein (CP) level of 18%. The results showed that total feed intake was significantly (P<0.05) higher on the 2200 kcal ME/kg diet than on other diets. Weight gain was highest on the 2200 kcalME/kg diet. Average litter size was significantly (P<0.05) higher on the 2200 kcalME/kg and 2400 kcal ME/kg diets. The average birth weight of grasscutter pups was significantly (P<0.05) higher on the 2200 kcalME/kg and 2600 kcalME/kg diets. Taken together, growth and reproductive performance of gestating grasscutters was superior, on the 2200 kcalME/kg diet, to performance on other diets. The results of this study suggest that agro-industrial by-products, soybean and wheat offal in cassava-based diets, can effectively be used at dietary energy level of 2200 kcalME/kg, to rear gestating grasscutters. It is, therefore, concluded that the optimum dietary energy requirement of gestating grasscutters is 2200 kcal ME/kg.
Introduction
African countries have the lowest animal protein intake in the world. It is reported that populations in African countries consume the least amount of meat (Andrew, 2003) . The per capita per year consumption of meat in Sub-Sahara Africa is estimated at 13.4 kg, and projected to be 33.8 kg in 2030 (Bruinsma, 2003) . The production of animal protein is insufficient to meet the demands of the ever-increasing population. The supply of adequate animal protein through poultry production has not been satisfactory in these parts of the world because of the high mortality rate, and the high cost of feed and day old chicks (Agwunobi and Ekpenyong, 1990 ).
There is, therefore, the need to diversify animal protein production. Grasscutters are herbivores which, in captivity, could be fed green or dry forages (Van Zyl and Delport, 2010) which are accompanied with concentrates. The fermentation of fibre in the gut of herbivores results in the production of volatile fatty acids (VFAs) (Michalet-Doreau, 2002) which are absorbed across the epithelial membrane. VFAs account for much of the metabolizable energy supply to the animal (Kristensen 2005) .
It has been reported (Karikari and Nyameasem, 2009 ) that increase in the dietary components of crude fibre (CF), acid detergent fibre (ADF) and neutral detergent fibre (ADF) decreased digestibility and daily weight gain in grasscutters. In another study with grasscutters, van Zyl et al. (1999) found that high dietary fibre reduced the digestibility of dry matter (DM), protein and fat, while the digestibility of fibre components (NDF, ADF, hemicellulose and cellulose) was comparable to that of grasscutters on the low fibre diet. Changes in energy requirements of the animal depend on the feed type (Annor et al., 2008) and on the physiological and productive status of the animal (Keunen et al., 2002) . These factors cause feed intake to change according to the nutrient requirements of the animals (Baumgardt, 1970) . Growing grasscutters have been reported to have higher weight gains, though not statistically significant, on dietary energy of 2800 kcalME/kg than on lower dietary energy levels (Adeniji, 2008) .
Unlike the production of conventional livestock such as poultry and pigs, intensive production of the grasscutter does not require expensive feed concentrates. The availability and use of low-cost feeds in the production of grasscutters is particularly important since the conventional livestock feeds have become too expensive for the traditional farmer (Ojewole et al., 2005) . The use of supplements along with the feeding of roughages has been found to improve performance in animals (Agboola, 2000) . However, the use of soybean, groundnut cake and blood meal as supplements in diets was found to have no significant effect on performance of growing grasscutters (Adeniji, 2009) .
Soybean is the most widely used protein supplement in the diet of ruminants. It is the standard for the comparison of other protein sources (Newkirk, 2010) , and has one of the highest (47.6%) levels of essential amino acids among the common plant protein supplements used in animal feeds (Schwab, 1999) . The proximate composition of soybean meal, including the acid detergent fibre (ADF) and the neutral detergent fibre (NDF), depends on the processing method (Sauvant et al., 2004) . Wheat offals are widely used as a source of energy and fibre in the diets of animals. On dry matter basis, the chemical composition of wheat offals is 87.6% DM, 16.9% CP, 11.3% CF, 6.4% ash, 3.8% ether extract, and 61.6% nitrogen free extract (Malau-Aduli et al., 2003) .
Little is known about the nutrient requirements of the grasscutter in its various physiological and productive states.
There is need to investigate the effectiveness of easily available and low-cost feedstuffs in the improvement of performance of the grasscutter in its various productive states. The objective of this study, therefore, is to determine the reproductive performance and dietary energy requirements of gestating grasscutter fed cassava and agro-industrial by-products, namely soybean and wheat offal.
Materials and methods
The study was carried out at the Grassccutter Research Farm at Calabar, under the supervision of the Department of Animal Science, University of Calabar, Calabar, Nigeria. Calabar is at latitude 3 0 North and longitude 7 0 East. It has an annual rainfall of 2650 to 3000 mm and relative humidity of 57 to 93%. The annual temperatures are between 25 and 32 0 C (Calabar Travel Guide, 2010). The study, which lasted for twenty (20) weeks, was conducted between the months of February and July, 2009.
Experimental diets
Four different dietary energy levels of 2000 kcalME/kg (ED1), 2200 kcalME/kg (ED2), 2400 kcalME/kg (ED3), and 2600 kcalME/kg (ED4) were formulated, with wheat offal and soybean as the experimental agro-industrial by-products. The energy content of each diet was estimated from the known energy density of each ingredient of the diet. Cassava was used as a binding agent in the diet and as an additional source of energy (Table 1) . The crude protein (CP) levels of the diets were equalized to 18% CP. All the ingredients used were purchased from the local market in Calabar. A thick paste of the ingredients was made using cassava starch as the binding agent. The paste was pelleted in a pelleting machine and dried in a kerosene-fired oven at 75 0 C. The composition of the test diets is shown in Table 1 , while the proximate composition of the diets is shown in Table 2 .
Research animals
Sixteen (16) grasscutters, which had been confirmed pregnant were used in the study. The pregnant grasscutters were 8 months old and weighed between 2.30 and 2.38 kg.
Management of research animals
The grasscutters were individually housed in clearly and properly-labelled concrete cells measuring 150 x 75 x 35cm (length x width x height). The housing provided for only one opening (35 high x 45cm wide) into the cell in order to eliminate cross-ventilation and prevent the adverse effect of cold on grasscutters, which are very susceptible to pneumonia. Temperatures in the cells were in the range of 25 -31 0 C during the experimental period.
The grasscutters were randomly allotted, in groups of four, to the four treatment diets. Each group was randomly fed one of the four dietary energy levels. There were four replicates per treatment, with one (1) grasscutter per replicate.
Growing grasscutters, used in the study were reared on a grower's concentrate along with elephant grass (Pennisetum purpureum) until they were diagnosed as pregnant. The pregnant grasscutters were thereafter transferred to the experimental diet, which was served along with elephant grass. On introduction into the cells, the animals were dewormed and provided with anti stress agents in drinking water. Elephant grass (Pennisetum purpureum), which was cut and allowed to wilt for two days, was weighed and fed daily as basal diet. Water, diet and elephant grass were supplied ad libitum.
The animals were weighed, at the beginning and every two weeks thereafter, during the 20 weeks of the study. All cells were cleaned daily in order to ensure an acceptable level of sanitation.
Data collection and statistical analysis
Data collection on the various parameters of interest was started after seven days of introducing gestating grasscutters to the experimental diet. Records were kept of the following observations: daily forage intake (g); daily forage dry matter intake (g), which was estimated as 12% Dry Matter content of elephant grass; daily diet intake (g); daily total feed intake (g), which was the total intake of forage dry matter and diet; daily weight gain of does (g); weight of does at end (terminal weight) of gestation (g); average number of pups ( No/litter size) kindled; average birth weight (g) of pups and cost of diet (N.K).
The gestating grasscutters were obtained from five does, which had kindled within a 24-hour period. The differences between the weights of grasscutters used in the study were within a close range. Grasscutters were randomly allocated to the four test diets, therefore, from a pool without consideration to weight differences. The design of the experiment was the Completely Randomized Design. All the data collected during the period of the experiment were subjected to analysis of variance, using the Genstat (2007) software. Significant means were separated by Duncan's Multiple Range test (Steel and Torrie, 1980) .
Results and Discussion
The proximate composition of the experimental diets is presented in Table 2 . The results show that while there were no differences between diets in respect of their percentage composition of dry matter and crude protein, there were significant differences in respect of their composition of crude fibre, ether extract, ash and nitrogen free extract.
The effects of feeding different energy levels, on gestating grasscutters, are presented in Table 3 .
Growth Performance

Feed intake
The results show that gestating grasscutters fed the low dietary energy consumed more feed than those fed the high dietary energy. Forage intake, diet intake and total feed intake increased significantly (P<0.05) with increase in dietary energy up to 2200 kilocalories (kcal) metabolizable energy (ME) per kilogram (kg) and decreased thereafter. This agrees with the findings of Meredith (2010) that rabbits eat to satisfy their energy requirement. The findings of this study suggest that gestating grasscutters adjust dietary energy intake to meet requirements for gestation. Gestating grasscutters, therefore, adjust their feed intake according to the concentration of energy in their feed in order to satisfy demand. Similar findings have been reported in respect of feed intake and nutrient requirements of rabbits (Lebas et al., 1986) . The average daily total feed intake (143.52 to166.12g) obtained under the conditions of this experiment is within the range (150 to 250g) reported by Mensah (1995) .
Daily weight gain
The significantly (P<0.05) high amount of feed consumed by gestating grasscutters on the 2200 kcalME/kg diet could explain the higher weight gain on that diet. The high feed intake on the lower dietary energy diets could be due to the significantly higher levels of crude fibre in those diets. The findings also suggest higher digestibility of the dietary crude fibre fractions (ADF and NDF) on the 2200 kcalME/kg test diet than on other diets. This agrees with the findings of Karikari and Nyameasem (2009) that daily weight gain among grasscutters decreased with increase in dietary levels of CF, ADF and NDF. However, van Zyl (1999) reported that the digestibility of ADF, NDF, hemicellulose and cellulose among grasscutters fed a high fibre diet was comparable to digestibility of these fractions among grasscutters on a low fibre diet. High fibre diets have been reported to increase feed intake in rabbits (Jokthan et al., 2006) . High fibre diets are also associated with decreased caloric density. Hence, the need for increased feed intake to meet the energy demand of gestating grasscutters on the lower energy diets. The higher weight gain on the lower energy diets, which is due to higher feed intake, agrees with the report of NRC (1977) that rabbits voluntarily adjust their feed intake to satisfy energy demand. The reduced weight gain on the higher dietary energy diets could be due to the significantly lower fibre levels in those diets (Taiwo et al., 2005) . Low fibre diets have been reported to have prolonged retention times in the caecum resulting in reduced feed intake and weight gain (Bawa et al., 2008) .
Though not statistically significant, average daily weight gain of gestating grasscutters increased with increase in dietary energy level, with the highest weight gain (17.41g) recorded for those fed the 2200 kcal ME/kg diet. Similarly, feed conversion ratio and cost to gain improved with increase in dietary energy level. The best feed conversion ratio (9.51) and cost to gain ratio (0.44) were obtained on the 2200 kcal ME/kg diet. This implies that feed utilization in gestating grasscutters was more efficient and more cost effective on the 2200 kcalME/kg diet. The average daily weight gain (10.91-17.41g) obtained under the conditions of this study was higher than weight gain (8 to 13g) reported by Jori and Chardonnet (2001) . These results could explain the higher (4205.21g) terminal weight (weight at end of gestation) on the 2200 kcalME/kg diet than on other diets. The higher terminal weight was indicative of superior maternal well-being of gestating grasscutters on the 2200 kcalME/kg diet than on other diets. These findings suggest that maternal adjustments (Smith and Somade, 1994) to meet the energy and nutrient requirements of gestating grasscutters was superior on the 2200 kcalME/kg to adjustments on other diets.
Reproductive performance
3.2.1 Litter size and birth weight of pups It was observed that the litter size increased significantly (P<0.05) with increase in dietary energy levels. The results indicate that higher litter sizes were obtained when dietary energy levels were in the range of 2200 to 2400 kcalME/kg. The highest (8 pups) litter size was obtained when gestating grasscutters were fed the 2400 kcal ME/kg diet, while the smallest (3 pups) litter size was obtained on the 2600 kcalME/kg diet.
The litter size range of 3 to 8 pups per litter obtained in this study compares favourably with litter sizes in the range of 2.67 to 5 pups per litter reported by other studies (Lameed and Ogundijo, 2006; Ogunjobi, 2008 and Henry, 2011) .
The birth weights of pups obtained in this study ranged from 117.21g on the 2400 kcalME/kg diet to 182.22g on the 2600 kcalME/kg diet. These findings indicate that the birth weights of pups were significantly (P<0.05) higher among gestating grasscutters on the 2600 kcalME/kg diet, which also had the smallest litter size. Birth weights of pups were significantly (P<0.05) lower among gestating grasscutters on the 2400 kcalME/kg diet, which also had the largest litter size. Average birth weights obtained in this study were within ranges reported by other studies (Addo, 2002 and Henry, 2011) . This finding suggests that the birth weight of pups decreased with increase in litter size. This inverse relationship between birth weight and litter size has been reported by other studies (Odubote and Akinokun, 1991; Henry, 2011) .
Cost to gain ratio
The daily cost of feeding gestating grasscutters with the test diet significantly (P<0.05) increased with increase in dietary energy levels. This was expected since dietary energy, next to protein, is among the most costly components of diets. However, though the cost to gain ratio did not differ significantly among gestating grasscutters on the various test diets, the results suggest that the 2200 kcalME/kg diet was the most cost effective.
Conclusion
Growth and reproductive performance of gestating grasscutters was superior, on the 2200 kcalME/kg diet, to performance on other diets. The results of this study suggest that agro-industrial by-products, soybean and wheat offal in cassava-based diets, can most effectively be used at dietary energy level of 2200 kcalME/kg to rear gestating grasscutters. It is, therefore, concluded that the optimum dietary energy requirement of gestating grasscutters is 2200 kcal ME/kg. Means along the same row having no common superscript differ significantly at P<0.01; ns refers to non-significant differences between means
